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(54) Protection circuit for a power conversion apparatus

(57)  An object of the present invention is to provide
a protection circuit for a power conversion apparatus, the
protection circuit allowing separate detection of a short-
circuit fault state of each of switches for interrupting pow-
er supply to a driving circuit, thereby reducing the number
of signal lines and connection terminals.

A protection circuit for a power conversion apparatus
interrupts power supply to the driving circuit for semicon-
ductor switching elements composing the power conver-
sion apparatus according to an interruption signal gen-
erated on an abnormality of the power conversion appa-
ratus.

The protection circuit comprises: series-connected

switches 21, 22 provided in a line for the power supply
to the driving circuit and turned OFF according to the
interruption signal; buffer ICs 14, 15 with 3-state output
provided in a path of the interruption signal; a control
means (CPU 13) for controlling the buffer ICs 14,15 and
turns each of the switches 21, 22 OFF individually; and
a monitoring means (CPU 13) for monitoring a voltage
of the power supply to the driving circuit at an output side
of the series connected circuit of the switches 21, 22.
The monitoring means has a function to decide that the
switch which is to be turned OFF by one of the buffer ICs
14, 15 is in a short-circuit fault state if the voltage of the
power supply to the driving circuit is a normal value.
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Description
CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application is based on, and claims priority
to, Japanese Patent Application No. 2010-197451, filed
on September 3, 2010, contents of which are incorporat-
ed herein by reference.

BACKGROUND OF THE INVENTION
1. Field of the Invention

[0002] The presentinvention relates to a protection cir-
cuit for a power conversion apparatus having semicon-
ductor switching elements. The protection circuit detects
abnormality in the power conversion apparatus and in-
terrupts a power supply to a driving circuit for the switch-
ing elements, thereby protecting the power conversion
apparatus.

2. Description of the Related Art

[0003] Figs. 3(a) and 3(b) show essential parts of a
conventional protection circuit for a power conversion ap-
paratus such as an inverter.

The protection circuit of Fig. 3(a) is called a series-con-
nected redundancy circuit. On an abnormality in the pow-
er conversion apparatus, the protection circuit interrupts
power supply to a gate driving circuit for semiconductor
switching elements such as IGBTs that compose the
power conversion apparatus. This interruption is carried
out by switches 21 and 22 composed of relays or tran-
sistors that are series-connected to each other. The pro-
tection circuit of Fig. 3(b) is called a parallel-connected
redundancy circuit. The protection circuit interrupts pow-
er supply to a gate driving circuit for upper arm switching
elements and power supply to a gate driving circuit for
lower arm switching elements of the power conversion
apparatus by means of parallel-connected switches 21
and 22 separately for the respective gate driving circuits.
[0004] InFigs. 3(a) and 3(b), the reference numeral 10
represents a control circuit board for controlling the
switches 21 and 22 according to an interruption signal
emitted on an abnormality in the power conversion ap-
paratus; the symbols 20A and 20B represent driving cir-
cuit board for supplying or interrupting the power supply
to the gate driving circuit; the reference numeral 11 rep-
resents a signal input terminal for receiving the interrup-
tion signal; the reference numeral 12 represents a photo-
coupler for signal isolation; and the reference numeral
13 represents a CPU.

[0005] The protection circuit of Figs. 3(a) and 3(b) per-
form protection for the power conversion apparatus on
an abnormality such as a short-circuit fault with the sem-
iconductor switching elements in the following way. An
interruption signal received at the signal input terminal
11 is given through photo-couplers 12 to the switches 21
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and 22, which are simultaneously turned OFF to interrupt
power supply to the gate driving circuit. As a conse-
quence, all the switching elements are turned OFF to
interrupt output of the power conversion apparatus. Thus,
the power conversion apparatus is protected.

In order to ensure redundancy required by the safety
standards, it is assumed that a plurality of switches, the
switches 21 and 22 in the example of Figs. 3(a) and 3
(b), are connected in series or in parallel and every time
operate in the same state, which means that every switch
is in the ON state or every switch is in the OFF state.
The safety standards further require that a fault of each
switch causing failure of redundancy has to be detected
as much as possible. Accordingly, the CPU 13 reads an
output from the series-connected circuit of switches 21
and 22 in Fig. 3(a) and outputs from the parallel-connect-
ed switches of 21 and 22 in Fig. 3(b), thereby monitoring
the state of signals at relevant points and any fault of the
switches.

[0006] The protection circuits of Figs. 3(a) and 3(b)
have a circuit construction called a power supply inter-
ruption system in which a power supply to the gate driving
circuit is interrupted on an abnormality. Another type of
protection circuit called a signal interruption system is
known in which all the gate driving signals for the power
conversion apparatus, six signals in the case of three-
phase power conversion apparatus, are turned OFF us-
ing buffer ICs with 3-state output in place of the switches
described above.

[0007] The following describes advantages and disad-
vantages in the power supply interruption system and in
the signal interruption system. The power supply inter-
ruption system here is assumed to have two switches 21
and 22 as in Figs. 3(a) and 3(b).

< Power supply interruption system >
[0008]
(1) series-connected redundancy circuit (Fig. 3(a))

- Advantage: The protection circuitis not adverse-
ly affected by change of states and variation of
characteristics in the switches 21 and 22.

- Disadvantage: it is impossible or extremely dif-
ficult to identify, in any short-circuit fault, which
of the switches has short-circuited.

(2) parallel-connected redundancy circuit (Fig. 3(b))

- Advantage: Since the CPU has received an out-
put signal from each of the switches 21 and 22,
it is rather ready to identify, in any short-circuit
fault, which of the switches has short-circuited.

- Disadvantage: Due to change of states and var-
iation of characteristics in the switches 21 and
22, unintended operation occurs transiently. In
addition, signal lines are necessary for transmit-
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ting output signals from the switches 21 and 22
to the CPU 13 in order to detect a short-circuit
fault of each of the switches 21 and 22. When
the CPU 13 and the switches 21 and 22 are
placed on the separate circuit boards 10 and
20B as shown in Fig. 3(b), the number of con-
nector terminals increases resulting in enlarged
circuit board area and increased costs.

<Signal interruption system>
[0009]
(1) Series-connected redundancy circuit

- Advantage: The protection circuit is scarcely af-
fected by change of states and variation of char-
acteristics of each of the buffer ICs.

- Disadvantage: A large number of objects for
fault monitoring are necessary due to six gate
signals in addition to terminal inputs. Moreover,
in a fault in which one buffer IC is fixed to the
enable condition, fault detection is impossible or
extremely difficult.

(2) Parallel-connected redundancy circuit

- Advantage: A fault of each of the buffer ICs is
rather readily detected.

- Disadvantage: Due to change of states and var-
iation of characteristics in the buffer ICs, unin-
tended operation occurs transiently. In addition,
a large number of objects are to be monitored
as in the series-connected redundancy circuit,
making the fault detection circuit complicated.

[0010] Patent Document 1 discloses an abnormality
detection and protection circuit for semiconductor ele-
ments in the signal interruption system.

Fig. 4 shows a construction of the abnormality detection
and protection circuit disclosed in the Patent Document
1. In Fig. 4, the reference numeral 30 represents a sem-
iconductor switching element of an upper arm or a lower
arm in a power conversion apparatus; 41 represents a
short-circuit detection means; 42 represents an overcur-
rent detection means; 43 represents an insufficient volt-
age detection means; 44 represents overheating detec-
tion means; the reference numerals 51 through 54 rep-
resents abnormality storage circuits provided corre-
sponding to the detection means 41 through 44; the ref-
erence numeral 60 represents abnormality informing cir-
cuits; 70 represents a general control system; 80 repre-
sents a driving circuit for generating a gate signal to the
switching element 30; and the reference numeral 90 rep-
resents an operation stopping means.

[0011] The circuit of Fig. 4 detects various types of
abnormalities in the switching element 30 by the detec-
tion means 41 through 44 and stores them in the abnor-
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mality storage circuits 51 through 54. When the abnor-
mality is a type of requiring emergency protection, the
operation stopping means 90 is operated based on the
outputs from the abnormality storage circuits 51 through
54 and the gate signal for the switching element 30 is
forced to be grounded, thereby stopping the operation of
the switching element 30.

When the abnormality is not a type of requiring emergen-
cy protection, the outputs from the abnormality storage
circuits 51 through 54 are sent through the abnormality
informing circuits 60 to the general controlling system 70,
which executes processing including change of logic of
a switching command to be sent to the driving circuit 80,
corresponding to the type of abnormality and the condi-
tions of the switching elements in the other arm.

[0012] [Patent Document 1] Japanese Unexamined
Patent Application Publication No. H09-238476 (para-
graphs [0011] through [0023] and Fig. 1, in particular)
[0013] The protection circuit of the signal interruption
system as described above needs a large number of
monitoring objects and thus, the fault detection circuit
tends to become complicated.

The protection circuit of the power supply interruption
system is difficult to detect individual short-circuit fault of
each switch separately. The parallel connected redun-
dancy circuit in particular, needs the same number of
signal lines and connector terminals as the number of
switches in order to detect the individual short-circuit
fault, which results in complicated circuits, enlarged cir-
cuit area, and increased costs.

SUMMARY OF THE INVENTION

[0014] In view of the above-described problems, it is
an object of the present invention to provide a protection
circuit for a power conversion apparatus that eliminates
disadvantages of the signal interruption system by em-
ploying the power supply interruption system, allows de-
tection of individual short-circuit fault of each of the
switches for power supply interruption, and reduces the
number of signal lines and connector terminals for fault
detection.

[0015] In order to accomplish the object, a protection
circuit for a power conversion apparatus according to the
invention as stated in claim 1 interrupts power supply to
a driving circuit for semiconductor switching elements
composing the power conversion apparatus according
to an interruption signal generated on an abnormality of
the power conversion apparatus, the protection circuit
comprising: a plurality of series-connected switches pro-
vided in a series-connection circuit of switches in a line
for the power supply to the driving circuit and turned OFF
according to the interruption signal; an interruption signal
enabling / disabling means for enabling or disabling the
interruption signal; a control means for controlling the
interruption signal enabling / disabling means and deliv-
ering a control signal to turn each of the switches OFF
individually; and a monitoring means for monitoring a
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voltage of the power supply to the driving circuit detected
atan output side of the series-connection circuit of switch-
es, the monitoring means having a function to decide that
the switch which is to be turned OFF by the control signal
is in a short-circuit fault state if the voltage of the power
supply to the driving circuit is detected to be a normal
value responding to delivery of the control signal from
the control means to the interruption signal enabling /
disabling means.

[0016] A protection circuit for a power conversion ap-
paratus according to the invention as stated in claim 2
interrupts power supply to a driving circuit for semicon-
ductor switching elements composing the power conver-
sion apparatus according to an interruption signal gen-
erated on an abnormality of the power conversion appa-
ratus, the protection circuit comprising: a plurality of se-
ries-connected switches provided in a series-connection
circuit of switches in a line for the power supply to the
driving circuit and turned OFF according to the interrup-
tion signal an interruption signal enabling / disabling
means for enabling or disabling the interruption signal
for one of the switches; a control means for controlling
the interruption signal enabling / disabling means and
delivering a control signal to turn the one of the switches
OFF; aresistor connected to the ground and a connection
point between the series connected switches in the se-
ries-connection circuit of the switches; a parallel-con-
nected circuit of a resistor and a capacitor connected to
the ground and an output side of the series-connection
circuit of switches; and amonitoring means for monitoring
a voltage of the power supply to the driving circuit detect-
ed at the output side of the series-connection circuit of
switches, the monitoring means having: a function to de-
cide that the switch is in a short-circuit fault state if the
voltage of the power supply to the driving circuit is de-
tected to be a normal value responding to the interruption
signalin the ON state and the interruption signal enabling
/ disabling means that is disabled by the control means,
and a function to decide that a switch other than the one
ofthe switches is in a short-circuit fault state if the voltage
of the power supply to the driving circuit decreases in a
decay rate faster than that in a normal condition of the
switches on detection of turning OFF of the interruption
signal from the ON state.

[0017] A protection circuit for a power conversion ap-
paratus according to the invention as stated in claim 3 is
the protection circuit for a power conversion apparatus
as defined by claim 1 or claim 2 wherein a single CPU
has both functions of the monitoring means and the con-
trol means.

[0018] A protection circuit for a power conversion ap-
paratus according to the invention as stated in claim 4 is
the protection circuit for a power conversion apparatus
as defined by any one of claims 1 through 3 wherein the
interruption signal enabling / disabling means is com-
posed of a buffer IC with 3-state output.

[0019] A protection circuit for a power conversion ap-
paratus according to the present invention allows sepa-
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rate detection of a short-circuit fault of individual switch
for interrupting a driving circuit power supply by an inter-
ruption signal and reduces the number of signal lines and
connector terminals for fault detection, thereby achieving
simplification of construction of the protection circuit and
reduction of costs.

BRIEF DESCRIPTION OF DRAWINGS
[0020]

Fig. 1 shows a construction of the first embodiment
according to the present invention;

Fig. 2 shows a construction of the second embodi-
ment according to the present invention;

Figs. 3(a) and 3(b) show constructions of essential
parts of conventional protection circuits; and

Fig. 4 shows the abnormality detection and protec-
tion circuit disclosed in Patent Document 1.

[Description of Symbols]

[0021]

10A, 10C:  control circuit board

11: signal input terminal

121, 122: photo-coupler

13: CPU

14, 15: buffer IC with 3-state output
20A, 20C:  driving circuit board

21,22: switch

R1, R2: resistor

C: capacitor

DETAILED DESCRIPTION OF THE INVENTION

[0022] Some preferred embodiments of a protection
circuit for a power conversion apparatus according to the
present invention will be described in the following with
reference to accompanying drawings.

Fig. 1 shows a construction of essential parts of a pro-
tection circuit for a power conversion apparatus of the
first embodiment according to the present invention. The
protection circuit of the first embodiment is constructed
in a series-connected redundancy circuit of the power
supply interruption system like the protection circuit of
Fig. 3(a), interrupting the gate driving circuit power supply
for semiconductor switching elements such as IGBTs on
an abnormality of the power conversion apparatus.
[0023] Referring to Fig. 1, the symbol 10A represents
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a control circuit board for controlling the switches 21 and
22 by interruption signals; and the symbol 20A repre-
sents, like in Fig. 3(a), adriving circuit board for supplying
or interrupting the gate driving circuit power supply.
The reference numeral 11 represents a signal input ter-
minal for receiving the interruption signal on an abnor-
mality in the power conversion apparatus; and the refer-
ence numerals 121 and 122 represent photo-couplers
for signal isolation provided corresponding to the switch-
es 21 and 22. The reference numeral 13 represents a
CPU to which inputted are output signals from the photo-
couplers 121 and 122 and an output signal from the series
connected circuit of the switches 21 and 22.

For the interruption signal mentioned above, it is defined
that an OFF state of the interruption signal corresponds
to an OFF state of the switches 21 and 22 (power supply
interruption state) and an ON state of the signal corre-
sponds to an ON state of the switches 21 and 22 (power
supplying state).

[0024] The reference numerals 14 and 15 represent
buffer ICs with 3-state output that are interruption signal
enabling / disabling means provided between the output
from the photo-coupler 121 and the switch 21 and be-
tween the output from the photo-coupler 122 and the
switch 22, respectively. The enable terminal of each buff-
er IC receives an enable signal that is a control signal
from the CPU 13. Enable / disable (ON / OFF) of the
buffer IC can be controlled according to the control signal
delivered by the CPU 13.

[0025] Inoperation of the protection circuit for a power
conversion apparatus of the first embodiment, the CPU
13 delivers a control signal to the enable terminal of the
buffer ICs 14 and15 with 3-state output in a constant cy-
cle, the control signal compelling to disable the buffers
14 and 15 individually according to operation of a
processing program. Every time the CPU 13 delivers the
control signal, a power supply voltage level of the gate
driving circuit is read by the CPU 13 from the output side
of the switch 22 in the driving circuit board 20A.

[0026] In a condition in which the switches 21 and 22
have no defect and operation thereof is normal, when
one of the switches, for example the switch 21, is turned
OFF receiving a signal through the buffer IC with 3-state
output controlled by the CPU 13, the gate driving circuit
power supply is interrupted despite the ON state of the
other switch 22 connected in series with the switch 21
and the power supply voltage level read by the CPU 13
becomes a zero volt level. Nevertheless, if the switch 21
is in a short-circuit fault condition, despite a control signal
from the CPU 13 for compelling to turn the switch 21 OFF
through the buffer IC 14, the OFF operation is impossible
and the switch 21 stays in the ON state. Since the other
series-connected switch 22 is in the ON state, the power
supply voltage level read by the CPU 13 becomes, for
example, a level of 5 volts, 15 volts which is supplied
from the power supply to a gate driving circuit, or not to
be the level of zero volt (this power supply voltage level
is also called normal value below).
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[0027] Whenthe CPU 13 gives a control signal for turn-
ing the switch 21 OFF to the buffer IC 14, if the power
supply voltage level taken out from the driving circuit
board 20A is a normal value, it can be presumed that the
switch 21 is in a short-circuit fault condition. Similarly,
when the CPU 13 gives a control signal for turning the
switch 22 OFF to the buffer IC 15, if the power supply
voltage level taken out from the driving circuit board 20A
is a normal value, it can be presumed that the switch 22
is in a short-circuit fault condition.

In this embodiment, despite only one signal line for taking
out the power supply voltage of the gate driving circuit
from the driving circuit board 20A to the CPU 13, individ-
ual detection is possible on the short-circuit fault of the
switches 21 and 22. Consequently, the protection circuit
of the invention can do with a small number of signal lines
and connection terminals, thereby achieving simplifica-
tion of the circuit and cost reduction.

[0028] The second embodiment according to the in-
vention is described in the following. Fig. 2 shows a con-
struction of essential parts of the second embodiment.
The protection circuit of the second embodiment, like that
of the first embodiment, has a construction of a series-
connected redundancy circuit in the power supply inter-
ruption system, which interrupts the gate driving circuit
power supply on an abnormality of the power conversion
apparatus.

[0029] In the control circuit board 10C of Fig. 2, solely
a buffer IC 14 with 3-state output is connected between
one of the photo-coupler 121 and the switch 21, and the
other photo-coupler 122 is connected directly to the
switch 22.

The CPU 13 receives output signals from the photo-cou-
plers 121 and 122 and an output signal from the series-
connected circuit of the switches 21 and 22. The CPU
13 delivers a control signal, which is an enable signal, to
the enable terminal of the buffer IC 14 with 3-state output.
[0030] The driving circuit board 20C comprises a re-
sistance R1 having a resistance value R provided be-
tween the switches 21 and 22, one end of the resistance
R1 being grounded. The driving circuit 20C further com-
prises a pair of a resistance R2 and a capacitor C con-
nected in parallel provided between the output side of
the switch 22 and a gate driving circuit (not illustrated in
the figure). The resistance R2 has a resistance value R
equal to the resistance value of the resistance R1 and
one end the resistance R2 is grounded. The capacitor C
has a capacitance value C and one end of the capacitor
C is grounded.

[0031] Operation of the second embodiment is de-
scribed in the following. First described is operation for
detection of a short-circuit fault in the switch 21.

The CPU 13, receiving an interruption signal in the OFF
state from the signal input terminal 11, outputs a control
signal to turn the buffer IC 14 with 3-state output into a
disabled state by an operation of a processing program.
After change of the interruption signal from the OFF state
to the ON state, the CPU 13 reads the power supply
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voltage level of the gate driving circuit from the output
side of the switch 22.

[0032] Ifthe switch 21 is not in a short-circuit fault con-
dition, the switch 21 is in the OFF state. Since the power
supply for the gate driving circuit is interrupted, the power
supply voltage level read by the CPU 13 is at zero volt
level. If switch 21 is in a short-circuit fault condition, how-
ever, since the other switch 22 has changed to the ON
state, the power supply voltage level read by the CPU
13 is at a level of 5 volts, 15 volts, or not to be the level
of zero volt, for example, because the both switches 21
and 22 are in the ON state.

Therefore, when the power supply voltage level taken
out from the driving circuit board 20C is at a normal value
after change of the interruption signal from the OFF state
to the ON state, the switch 21 can be presumed to be in
a short-circuit fault state.

[0033] Next, detection of a short-circuit fault in the oth-
er switch 22 is described.

For this detection, the CPU 13 monitors a decay rate of
the power supply voltage for the gate driving circuit after
change of the interruption signal given to the signal input
terminal 11 from the ON state to the OFF state.

[0034] Ifthe switch 22 is not in a short-circuit fault con-
dition, that is, in a normal condition, the both switches 21
and 22 turn OFF responding to the change of the inter-
ruption signal. Since the parallel circuit of the resistor R2
and the capacitor C is connected to the input side of the
gate driving circuit, which is the output side of the switch
22, the power supply voltage for the gate driving circuit,
which is the voltage on the capacitor C, decreases with
discharge of the capacitor C in a time constant R C.

If the switch 22 is in a short-circuit fault condition, the
switch 22 stays in the ON state while the switch 21 turns
OFF. Consequently, the driving circuit board 20C be-
comes to have a circuit construction in which the parallel
circuit of the resistor R1, the resistor R2, and the capacitor
C is connected to the input side of the gate driving circuit,
which is the output side of the switch 21. As a result, the
power supply voltage for the gate driving circuit, which
is the voltage on the capacitor C, decreases with dis-
charge of the capacitor C in a time constantRC /2. Thus,
the power supply voltage decreases faster than in the
normal state of the switch 22.

Therefore, a short-circuit fault state of the switch 22 can
be presumed by a faster decay rate of the power supply
voltage read by the CPU 13 than in the normal state.
[0035] Inthe embodiments described above, the CPU
has afunction as a control means for controlling the buffer
ICs 14 and 15 with 3-state output and a function as a
monitoring means for monitoring a short-circuit fault state
of the switches 21 and 22 based on the power supply
voltage read by the CPU 13 from the driving circuit board
20A or the driving circuit board 20C. These functions,
however, can be performed by a separately provided
control circuit and a monitoring circuit.

A protection circuit of the invention can be applied not
only to an inverter but also to a wide variety of power
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conversion apparatuses, without any limitation on a con-
struction of the power conversion apparatuses or types
of switching elements.

Claims

1. Aprotection circuit for a power conversion apparatus
interrupting power supply to a driving circuit for sem-
iconductor switching elements composing the power
conversion apparatus according to an interruption
signal generated on an abnormality of the power con-
version apparatus, the protection circuit comprising:

a plurality of series-connected switches provid-
ed in a series-connection circuit of switches in
a line for the power supply to the driving circuit
and turned OFF according to the interruption sig-
nal;

an interruption signal enabling / disabling means
for enabling or disabling the interruption signal;
a control means for controlling the interruption
signal enabling / disabling means and delivering
a control signal to turn each of the switches OFF
individually; and

a monitoring means for monitoring a voltage of
the power supply to the driving circuit detected
at an output side of the series-connection circuit
of switches, the monitoring means having a
function to decide that the switch which is to be
turned OFF by the control signal is in a short-
circuit fault state if the voltage of the power sup-
ply to the driving circuit is detected not to be zero
volt responding to delivery of the control signal
from the control means to the interruption signal
enabling / disabling means.

2. Aprotection circuit for a power conversion apparatus
interrupting power supply to a driving circuit for sem-
iconductor switching elements composing the power
conversion apparatus according to an interruption
signal generated on an abnormality of the power con-
version apparatus, the protection circuit comprising:

a plurality of series-connected switches provid-
ed in a series-connection circuit of switches in
a line for the power supply to the driving circuit
andturned OFF according to the interruption sig-
nal;

an interruption signal enabling / disabling means
for enabling or disabling the interruption signal
for one of the switches;

a control means for controlling the interruption
signal enabling / disabling means and delivering
a control signal to turn the one of the switches
OFF;

a resistor connected to the ground and a con-
nection point between the series connected
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switches in the series-connection circuit of the
switches;

a parallel-connected circuit of a resistor and a
capacitor connected to the ground and an output
side of the series-connection circuit of switches; 5
and

a monitoring means for monitoring a voltage of

the power supply to the driving circuit detected

at the output side of the series-connection circuit

of switches, the monitoring means having: 10

a function to decide that the switch is in a
short-circuit fault state if the voltage of the
power supply to the driving circuit is detect-

ed not to be zero volt responding to the in- 75
terruption signal in the ON state and the in-
terruption signal enabling / disabling means

that is disabled by the control means, and

a function to decide that a switch other than

the one of the switches is in a short-circuit 20
fault state if the voltage of the power supply

to the driving circuit decreases in a decay

rate faster than that in a normal condition of

the switches on detection of turning OFF of

the interruption signal from the ON state. 25

The protection circuit for a power conversion appa-
ratus according to claim 1 or claim 2, wherein

asingle CPU has both of the function of the mon- 30
itoring means and the function of the control
means.
The protection circuit for a power conversion appa-
ratus according to any one of claims 1 through 3, 35
wherein
the interruption signal enabling / disabling

means is composed of a buffer IC(s) with 3-state
output. 40

45

50
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